Abstract Traumatic intracranial aneurysms are rare. A case of traumatic middle cerebral artery aneurysm was presented. A 66-year-old man sustained a severe head injury in a bicycle accident. Serial computed tomography and angiography showed the delayed intracerebral hemorrhage caused by the traumatic middle cerebral artery aneurysm. The aneurysm was trapped and removed. Histological examination clearly revealed the pseudoaneurysm. Traumatic middle cerebral aneurysms were reviewed.
Introduction
Traumatic intracranial aneurysms rarely occur and can develop as the result of either blunt or penetrating head trauma [15, 26] . Traumatic intracranial aneurysms can present in a variety of ways such as subarachnoid hemorrhage, intracranial hemorrhage, and subdural hematoma. The mortality rate for patients with traumatic intracranial aneurysms is high, up to 50% [16] . Therefore, prompt diagnosis with cerebral angiography and sufficient surgical treatment are necessary. We present a case of traumatic middle cerebral artery aneurysm and review the literature.
Case report
A 66-year-old man sustained a severe head injury in a bicycle accident. The patient was knocked down by a motortruck. On arrival in the emergency room, the patient presented with consciousness disturbance (Glasgow Coma Scale: E1V1M4) and severe left hemiparesis. Examination revealed an open skull fracture at the right parietal region. Computed tomography (CT) revealed a brain contusion and traumatic subarachnoid hemorrhage with depressed skull fracture (Fig. 1) . A follow-up CT showed an enlargement of the hematoma at the fronto-temporal lobes, and the contusional hematoma was removed with external decompression. Although the patient's condition was improving day by day, a follow-up CT revealed a delayed intracerebral hematoma on day 7 (Fig. 2) . Cerebral angiograms detected a traumatic aneurysm at the peripheral middle cerebral artery (Fig. 3) . The aneurysm was trapped and removed. The postoperative course was uneventful. The patient made a favorable recovery after rehabilitation. Histological examination of the aneurysm showed the disruption of the arterial wall, so the diagnosis was the false aneurysm (Fig. 4) . rupture occurred on day 7. The complete disruption of the arterial wall (false aneurysm) was clearly demonstrated on the histological findings.
Traumatic intracranial aneurysms are divided into four categories according to the mechanism of injury: following closed head injury, missile injury, penetrating head injury, and iatrogenic injury [27] . Traumatic intracranial aneurysms usually affect the supraclinoid segment of the internal carotid artery and the anterior cerebral artery [16, 26] . Traumatic intracranial aneurysms are also classified histologically as true or false. True aneurysms are formed after a partial disruption of the arterial wall. The internal elastic lamina and media damages with an intact adventitia form the true aneurysm. The complete penetrating injury of the vessel wall results in the false aneurysm. The hematoma organizes to form the outer wall of the aneurysm. Unlike berry aneurysms, traumatic intracranial aneurysms typically do not have a neck, are more irregular in their dome contour, and are subject to delayed filling and emptying of the sac based on angiograms.
Clinical characteristics of traumatic middle cerebral artery aneurysms Traumatic middle cerebral artery aneurysms are reviewed based on previous reports including the present one. We excluded traumatic aneurysms caused by weapons such as missiles [3, 7] and those following iatrogenic injury [14, 20] . Finally, 28 cases with 32 aneurysms were analyzed and summarized in Table 1 The mean age of patients was 42.1 years, and there appeared to be strong male predominance. Multiple traumatic aneurysms were found in two cases [22] , and the rupture rate was 72.4%. The time of rupture after trauma was 4.7 days and the delayed rupture after trauma had occurred in 46.7% of patients. The majority of aneurysms were located in cortical segments. The linear and depressed fractures were found in 34.8 and 21.7% of cases, respectively. Interestingly, 43.5% of patients had no skull fracture. The subdural hematoma compared with intracerebral hematoma was prominently caused by the aneurysmal rupture. By contrast, traumatic intracranial aneurysms related to missile injury are associated with intracerebral hematoma in 80% and subdural hematoma in 26% [12] .
Based on our review, surgical treatments were carried out in 20 patients and 75% of patients had favorable artery aneurysms are very rare and can also occur after mild head injury [2] , the timing and necessity of angiography are difficult to decide. Neurosurgeons keep in mind that the traumatic middle cerebral artery aneurysmal rupture can develop into the chronic subdural hematoma [2] .
Although the spontaneous healing of traumatic middle cerebral artery aneurysm was reported [4, 22] , appropriate surgical treatment should be necessary because of high mortality and mobility. In Table 1 , 44, 16, and 12% of patients with traumatic middle cerebral artery aneurysm were treated with excision, clipping, and coagulation, respectively. Usually, it was difficult to use a clip for aneurysmal obliteration because most aneurysms (83.3%) were pseudoaneurysm. For distal traumatic middle cerebral artery aneurysms, surgical trapping and excision are recommended. In the case described here, trapping and excision were sufficient. On the other hand, the more proximal aneurysms should be treated with clipping, trapping with bypass, or endovascular techniques to preserve distal blood flow [6, 16] . 
